The Calacoa geothermal zone (CGZ) is located in the western Cordillera of the Andes in southern Peru, approximately 10 km on the western slope of Ticsani Volcano. In Calacoa there are mainly volcanic rocks that have been deposited over a sedimentary Cretaceous basement. The geochemical interpretation of the results shows that thermal waters are an alkaline-chloride-sulphate water type. The Cl-SO 4 -HCO 3 diagram shows that most of the geothermal waters plot close to the mature water portion, which is typical of geothermal deep fluids. High B concentrations lead to a relatively high B/Cl ratios as shown on a B-Cl binary diagram. This can be used to elucidate the reactions of waters with sedimentary marine rocks at deep depths. The δ 18 O vs δD plot indicates that the geothermal water originates by a mixing of meteoric water with magmatic water. The results for chemical geothermometry allowed us to estimate temperatures between 170 and 230 °C at the depth of the geothermal resources.
Introduction
The Calacoa geothermal zone (CGZ) is located approximately 10 km on the western part of Ticsani volcano (5408 masl) in the western Cordillera of the Andes in southern Peru. The CGZ is located in Mariscal Nieto province in Moquegua Region. The surface evidence indicates that the heat source in the CGZ is associated with the hydrothermal system of the Ticsani volcano, which has some surface evidence of thermal activity, including fumaroles observed close to the top of the volcano. The main thermal manifestations are located in three areas; first: Secolaque located 3 km to the NW of Calacoa town; second: called Putina located 1.5 km to SW of the same town, and the third: called Soquesane and located 6 km to the south of the Ticsani volcano.
Geological setting
In the CGZ there are outcrops of sedimentary, volcanic and intrusive rocks, from Mesozoic to Holocene age. The oldest rocks are the sedimentary rocks composed mainly of limestone interbedded with a sequence of sandstones and lutites, on the top limestones are interbedded with quartz sandstones, thickness > 1100 m and belonging to Yura group [1] . The oldest volcanic rocks that form the substratum over which were deposited the lava and pyroclastic flows from Ticsani events are constituted by andesites and dacites (Matalque formation and Toquepala group), continental clastic sediments (Pichu formation) and rhyolitic ignimbrites (Huaylillas formation) [2] and [3] . Regionally associated with the Ticsani and Huaynaputina volcanos, two regional fault trends have been observed, one with Andean direction NW-SE, NNW-SSE and WNW-ESE, and the other with NNE-SSW and NE-SW direction
Discussion
In the CGZ the main geothermal manifestations are thermal springs located in the Putina River, between Sicolaque and the San Cristonal Bridge, in a range of altitude between 2900 and 3400 masl. The spring temperatures range from 50°C to 91°C, the pH ranges between 6 to 8 and the electrical conductivity is between 2.7 and 3.3 mS/cm. Table 1 shows the physical-chemical parameters and the results of the chemical analysis. The ionic balance is between ± 1 to 2 %, which is considered acceptable. Table 1 . Main hot springs in CGZ and the chemical composition (mg/L). 
Classification of the thermal waters
According to the ternary diagram [4] the thermal waters are divided based in the composition of Cl-SO 4 -HCO 3 (Fig. 1) where the waters plot in the chloride-sulphate field. We interpreted the water to be at the beginning of the boiling because the depressurization, the sulfide goes to the vapor phase, while the Cl tends to stay in the liquid phase. This reaction increases the pH, generating chloride-neutral waters, which move in the SO 4 -Cl axis going to Cl corner. At deep levels and high enough pressure the magmatic CO 2 will stay in the hydrothermal deep fluid as CO 2 (aq) [5] .
Chemical tracers
The Cl-Li-B ternary diagram (Fig. 2) [10] indicates a common origin for the Calacoa´s waters where Cl is the dominant ion, then B and relatively low in Li. Also these waters are located close to the Cl-B line, and according with the relative concentration of these ions the waters are clearly associated with volcanic magmatic system, evidenced also by the presence of recent volcanic activity of, the Ticsani volcano. The concentration of B in the thermal waters in CGZ has a range between 18 to 21 mg/L, and the B/Cl mole ratio is 0.09. Figure 3 shows the thermal waters are sourced in the sedimentary rocks; the B/Cl ratios indicate that these waters are reacting with sedimentary rocks at deep levels, which presents high porosity and permeability with fractures [11] and [12] . Figure 4 shows the Na-K-Mg geoindicator proposed by Giggenbach, where it is observed that the waters are plotted inside the region of immature waters, but trending to the partial equilibrium line; this could indicate that the thermal water have been mixed with the surface water from the Putina River.
Na-K-Mg Geoindicators
The diagram shows also a linear trend towards the 220°C Na/K equilibrium temperature of the reservoir, resulting either from water-rock interaction or mixing, but due to the high Mg concentration of the samples this value could be uncertain. Mg could come from superficial waters and Putina River where the thermal waters emerge. These waters suffer dilution and mixing leading to the Mg increase and decrease of the other ions The Na/K geothermometer estimates temperatures between 170 and 263 °C [4, 6, 7, and 8] . According to the fact that thermal waters are still in the immature field, temperature calculated from Na/K geothermometer could be overestimated. However calculated temperatures with other geothermometers (Na-Li or quartz) are also in the same range of temperature as it can be seen in the Table 1 .
Isotopic results δ
18 O values are in the range -9.73 to -14.87‰ and δ 2 H in the range -66.5 to -113.6‰. The cold springs are located close to the Local Meteoric Line (LML), which indicates that this water is being diluted mainly by meteoric water. The hot springs located in the S-SW are plotted on the LML while the hot springs located in the NW and N, are plotted besides the LML (graph not shown). This means that the thermal waters associated with magmatic fluids (15%) are mixed with meteoric water (85%). This value was estimated according to the water chloride content. 
Concluding Remarks
The results of geological and structural analysis in CGZ have identified some favorable geological formations for development of a geothermal reservoir. The geological structure is very important because it improves the porosity and permeability in these rocks. Also the main hot springs are controlled by NW-SE, WNW-ESE and NE-SW faults.
The results of δ 18 O vs. δ 2 H, Cl concentration, relatively high B concentration and B/Cl mole ratio, indicate that the geothermal water originates by mixing of mainly meteoric water and magmatic water, which are circulating in sedimentary deep rocks. The geothermometry shows a range of temperatures from 170 to 230 °C for the geothermal reservoir.
